S ystems designed to deliver health-related interventions on a large scale re quire a number of operational steps to reach targeted groups. Some people will not be reached at each step because of attrition, which creates a staircase effect of diminishing effectiveness at the population level. 1, 2 This cumulative effect may be further pronounced among people in poor households, because they may be more likely than those in wealthier households to drop out at each step. 3 We investigated the impact of reductions in coverage on the effectiveness of a national multistep system in Tanzania to deliver insecticide-treated mosquito nets to pregnant wo men. The use of such nets has been shown to reduce childhood mortality by 17% across different African settings. 4 When used by pregnant women, these nets have been associated with a reduction of 38% in the incidence of maternal malaria parasitemia, of 47% in the incidence of severe malarial anemia and of 28% in the prevalence of infants with low birth weights. 5 All socio-economic groups are susceptible to malaria. 6 However, there can be large socio-economic inequities in knowledge of the risks associated with infection, in access to prevention and treatment, and in ability to pay for prevention and treatment. 7 Over the last 10 years, political commitment to achieve high and equitable coverage for the delivery of insecticide-treated nets has grown. Many countries in sub-Saharan Africa have committed to the target set at a meeting in Abuja, Nigeria, in 2000 to increase coverage among children and pregnant women to at least 60%, a target recently increased to 80% by 2010. 8 However, progress has been slow: coverage among children under five years of age in malaria-endemic regions of Africa was estimated to be less than 20% in 2007. 9 Since 2006, Tanzania has implemented a discount voucher system on a national level to deliver insecticide-treated nets to pregnant women. Although relatively simple, the process involves a sequence of five steps that include the woman attending an antenatal clinic, obtaining a voucher there, using the voucher to buy a mosquito net packaged with insecticide, treating the net with the insecticide and, finally, using the net. Each step depends on the success of the previous one. At each point, a pregnant woman may drop out of the process and end up unprotected. If we assume hypothetically that 90% of women are reached at each step, the coverage would be only 59% (100 × 0.9 × 0.9 × 0.9 × 0.9 × 0.9 = 59). Furthermore, 
Background:
The benefits of a health-related intervention may be compromised by the challenges of delivering the intervention on a large scale. We analyzed the process involved in the Tanzania National Voucher Scheme, a system for delivering insecticide-treated mosquito nets to pregnant women. We aimed to identify potential ways to equitably improve overall coverage of the intervention.
Methods:
We defined five steps in the process. We collected data from a multistage cluster survey of nationally representative households conducted in 2007 across 21 districts in Tanzania. Using these data, we multiplied the rate of success of each step cumulatively to estimate the overall success of the system.
Results:
The rate of coverage for use of insecticide-treated nets among pregnant women was 23% (95% confidence interval [CI] 19%-27%). We observed large differences in coverage by socio-economic status, from 7% (95% CI 4%-13%) among participants in the poorest households to 48% (95% CI 38%-59%) among those in the richest households. The rate of success of each step in the process was high (60%-98%). However, the cumulative rate of success for the process as a whole was low (30%). The largest and most inequitable reduction in coverage occurred in the step involving treatment of nets with insecticide.
Interpretation:
The cumulative effect of modest attrition at several steps in the process substantially diminished the overall rate of coverage for all women, but most markedly among the poorest participants. Analysis of the process suggests that delivery of nets treated with long-lasting insecticide rather than untreated nets packaged with an insecticide-treatment kit could result in an improvement in coverage of 22 percentage points, from 30% to 52%.
there are likely to be socio-economic differences that give rise to an "equity gap" at each step.
We conducted this study to analyze the processes involved in the Tanzanian discount voucher system. Using survey data collected as part of the program for monitoring and evaluating the system, we calculated the cumulative success of the system for different socio-economic groups. We also explored opportunities to improve the system.
Methods
Tanzania, a country of 40 million people, is one of the poorest countries in the world, with a gross national income per capita of $400 in 2007. It has a high fertility rate (5.2 births per woman on average), high mortality (116 deaths per 1000 live births among children less than five years old) and a life expectancy at birth of 52 years. 10 Malaria is endemic in most regions of the country and is the leading cause of outpatient morbidity and inpatient mortality among children.
The Tanzanian National Voucher Scheme is an innovative system that uses discount vouchers as a means of delivering insecticide-treated nets. Launched in 2004 and implemented at a national level since 2006, it targets pregnant women and infants by giving a voucher to pregnant women at their first antenatal visit. The women can use the voucher as partial payment toward the purchase of a net. The sequence of steps is described in detail in Appendix 1 (available at www .cmaj .ca /cgi /content /full /cmaj .090268 /DC1). In brief, each woman must first attend an antenatal clinic, then be given a discount voucher, then use the voucher to buy a net, ensure that the purchased net is packaged with insecticide, use the insecticide to treat the new net and, finally, reach the desired outcome of sleeping under the treated net.
The Tanzanian voucher system represents one of the commitments made by the country's Ministry of Health and Social Welfare to reduce the burden of malaria. To maximize lessons learned from the approach, we developed and implemented a comprehensive program for monitoring and evaluating the system, in partnership with the National Malaria Control Programme. As part of the program, surveys of nationally representative households and linked health facilities have been conducted. In each district, a random sample of 10 clusters of 30 households each was selected, for a total of 6300 households. Clusters were sampled in two stages: first, 10 wards within each district were selected with probability proportional to ward population. Within each chosen ward, one subvillage (kitongoji) was selected with the use of simple random sampling. Within each subvillage, 30 households were chosen by means of a modified version of the sampling scheme used by the World Health Organization in its Expanded Program on Immunization. This method ensures an equal chance of selection for all households where no formal sampling frame of households is available.
In each household, the consenting heads of the household and all women aged 15-49 years were interviewed; additional modules of the survey were used for women who had had a live birth in the preceding 12 months ("past pregnancies") and those who were pregnant at the time of the survey ("current pregnancies"). These two groups of women were selected because those with a past pregnancy could report on their experience during the entire pregnancy, and those in the other group could contribute information on the use of an insecticide-treated net on the night before the survey by currently pregnant women.
In this analysis, an insecticide-treated net refers to a mosquito net that has had insecticide applied to it in the 12 months before the survey or been treated with a long-lasting insecticide (i.e., one that binds to the fibre of the net and remains efficacious after numerous washes and over time).
The variables extracted from the survey data for our analysis are described in Appendix 2 (available at www.cmaj.ca /cgi/content/full/cmaj.090268/DC1).
Socio-economic status
An index of socio-economic status was constructed for each household on the basis of principal components of household indicators, including asset ownership, housing conditions and education level of the head of the household. 12 This approach reflects relative socio-economic status of households and has been used to analyze inequities in the uptake of essential health services. 13 The continuous variable representing the first principal component was divided into five quintiles of equal size, with the first quintile representing the poorest and the fifth quintile the richest. The distribution of household characteristics that were used to generate the socio-economic index for the group of women with a past pregnancy are shown in Appendix 3 (available at www .cmaj .ca/cgi/content /full /cmaj .090268/DC1), to illustrate the nature of the poverty in the different socio-economic groups.
Analysis of the process
We used data from the 2007 survey to analyze the five steps of the voucher system. First, we analyzed the survey indicators for each step by socio-economic status among women with a past pregnancy. We calculated the equity ratio (the ratio of coverage between the first and fifth quintile) to explore the equity gap between the poorest and richest women. Success at each step, and for each socio-economic group, was multiplied cumulatively to represent the overall success of the voucher system. Second, using the data for currently pregnant women, we compared the reported use of insecticide-treated nets on the night before the survey with the analysis of process. Finally, we estimated the hypothetical impact that changes in the voucher system might have on the coverage achieved by the system.
Statistical analysis
National estimates of the use of insecticide-treated nets were weighted according to district population in the 2002 Tanzania Population and Housing Census. We used the χ 2 test for trend to test hypotheses concerning inequalities by socioeconomic status.
Results
In 2007, 1.5% of the 6300 sampled households refused to be interviewed; 6198 interviews of household members were completed across the 21 sampled districts. A total of 1327 women who had had a live birth in the 12 months before the survey were interviewed: 18% were in the first (poorest) socio-economic quintile, 25% in the second quintile, 20% in the third, 21% in the fourth and 17% in the fifth (richest) quintile. Information about all five steps of the process was available for 1320 of these 1327 women. A total of 707 women who were pregnant at the time of the survey were also interviewed: 20% in the first quintile, 24% in the second, 21% in the third, 19% in the fourth and 16% in the fifth quintile.
The proportion of women who completed each of the five steps in the process of the voucher system is shown in Table  1 . The success rate for two of the steps -attending an antenatal clinic and purchasing a net packaged with insecticidewas greater than 90%. The overall rate of success of the remaining three steps was 60%-73%. When disaggregated by socio-economic status, the poorest women were disadvantaged at every step. However, they were not significantly disadvantaged in the receipt of vouchers (73% overall, equity ratio of 0.86, χ 2 test for trend p = 0.1), or in the purchase of a net packaged with insecticide (95% overall, equity ratio of 0.96, χ 2 test for trend p = 0.2).
Applying the analysis of the process shows that overall attrition affected all of the women regardless of their socioeconomic status (Table 1) . The cumulative success of the system was 30%; that is, 70% of potential coverage was lost by the end of the process. Furthermore, considerable inequity was evident, given a cumulative rate of coverage of only 18% among the poorest women in the sample compared with 37% among the richest.
For comparison, the use of treated nets by currently pregnant women (insecticide-treated net coverage) is also shown in Table 1 . Overall, 23% (95% confidence interval [CI] 20%-27%) of pregnant women reported using a treated net on the night before the survey. A strongly significant, negative association between socio-economic status and coverage was evident: 7% coverage (95% CI 4%-13%) among the poorest women and 48% coverage (38%-59%) among the richest (χ 2 test for trend p < 0.01).
A comparison of the cumulative success at each step of the system among the poorest women, the richest women and all women in the sample is shown in Figure 1 . Across all three groups, the pattern of attrition was similar, with particularly large losses of participants observed at step 5, which involved the application of insecticide to the nets. If the need for participants to purchase and apply insecticide to the nets were eliminated from the process (i.e., effectively ending the process at step 3), the rates of success reflected in Figure 1 would have increased from 18% to 41% for the poorest Insecticide-treated net use by currently pregnant women † †, % (95% CI) 6.9 (3.6-12.6) †The denominator for steps 1-4 is restricted to the numerator of each previous step. §Estimates taken from household survey interviews with women who had a live birth in the 12 months prior to survey. **Estimates taken from household heads report of net treatment status for all nets purchased using a net voucher. † †Estimates taken from household survey interviews with currently pregnant women reporting insecticide treated net use previous night.
women, from 37% to 61% for the richest and from 30% to 52% overall, with concomitant improvement in the equity ratio from 0.48 to 0.67.
Interpretation
Our analysis of the Tanzanian voucher system shows the challenges of implementing a program aimed at universal coverage on a national scale. The system appeared to function well and reached over two-thirds of the target group of pregnant women at each step. However, because of cumulative attrition across the steps -with each small failure of the process resulting in women dropping out of the systemonly 30% of pregnant women interviewed in the 2007 national household survey could be expected to complete the process and benefit from an insecticide-treated net obtained via the voucher system. This attrition was particularly marked for the poorest women, among whom coverage was only 18%, compared with 37% for the richest. Personal use of treated nets among currently pregnant women in the 2007 survey was 23%, again with evidence of marked socio-economic inequity as observed for children under five years old 14 and in other settings. 15, 16 Notably, the analysis of the process predicted a rate of coverage of approximately ten percentage points higher than the actual coverage rate among the poorest participants, and approximately 10 percentage points lower than that among the richest. Two conclusions are suggested by this discrepancy. First, additional barriers to use of an insecticide-treated net may exist, especially among the poor, even after a net has been successfully delivered. These barriers may include inadequate understanding of malaria, misconceptions about the efficacy of treated nets, and differences in number of nets owned relative to household size. 17, 18 Second, richer women may already own nets or have better access than poorer women to nets from other sources.
The estimates derived from the analysis of the process cannot be compared directly with the rate of coverage for use of insecticide-treated nets. The first estimate was a predictor of successful delivery of the intervention and reflects the experiences of women who were pregnant in the recent past. The rate of coverage for use of insecticide-treated nets is a measure of the personal use of the intervention by women who are currently pregnant and is thus more contemporary and specific. However, by quantifying the success of each step and evaluating it through the lens of equity, 19 the analysis of the process affords an opportunity to identify where changes could be made to affect overall coverage and equity. This method has previously been described as a potentially important tool to directly link the processes of a health system with expanding the scale of interventions. 20, 21 Effective and equitable systems of delivery of insecticide-treated nets need both "catch up" strategies that would dramatically increase coverage, and "keep up" strategies that would provide continuous access. 22 To date, the Tanzanian scheme has focused largely on the latter. New plans involve a switch of emphasis toward a catch-up strategy and involve a mass, free delivery of nets treated with long-lasting insecticide to all children under five years old and a mass campaign for retreatment with long-lasting insecticide of all nets used by children in this age group. Alongside this new initiative, options for keep-up strategies for pregnant women must continue to be addressed. 23 The analysis we present suggests that the single most effective action to increase coverage and reduce inequity would be the delivery of nets treated with long-lasting insecticide.
The Tanzanian National Voucher Scheme is now in its fourth year of nationwide implementation. Although gains in coverage with treated nets have been sustained throughout the period of implementation, the rate of change has been slow and the absolute increase in net coverage has been disappointing.
14 All delivery-based interventions in this context are vulnerable to constraints in infrastructure and communication that are experienced on a large scale. 24 A disaggregation of systems of delivery may reveal where and why the success of deliverybased interventions is diminished and may be useful for improving coverage among those in greatest need and overall.
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